This paper shows that labor demand plays an important role in the labor market reactions of older women affected by pension deductions for early retirement. Based on a large representative sample of the German workforce (SIAB), we calculate the consequences of individual financial incentive changes caused by a pension reform in Germany on employment, unemployment, and partial retirement. The reform reduces financial incentives for early retirement. In line with labor demand theory, we show that employers with a high share of older worker inflow compared with the share of younger worker inflow, employers in sectors with a high share of collective bargaining agreements, and employers in sectors with few investments in research and development are more responsive to their employees´ demand to stay longer in the labor market. These employer groups mainly offer their older employees the option of staying longer in partial retirement instead of forcing them into unemployment before retirement.
Introduction
Policy interventions frequently influence labor supply. Large labor supply changes may have important effects on labor costs for establishments, thereby affecting labor demand. A prominent example of a labor cost shock is the introduction of binding minimum wages (Card and Krueger, 1994; Bruttel et al., 2018; Caliendo et al., 2019) , and examples of external labor supply shocks are local migration waves induced by political changes (Dustmann et al., 2017) or the introduction of workfare, which is the requirement that everybody who receives social benefits has to work full-time (Peichl and Siegloch, 2012) . In this paper, we focus on the impact of labor demand on the labor market reactions of older women on a pension reform with an increase in labor supply.
Since the 1990s, most OECD countries have reversed their retirement policies and started to encourage longer working lives to alleviate the decline of the working age population (overview in Börsch-Supan and Coile, 2018) . In addition to tighter qualifying conditions and increases in the retirement age, policy makers have introduced actuarial deductions for early retirement. These deductions have increased the financial incentives for older employees to work longer and to postpone retirement. Employers with workers affected by these reforms have faced a labor supply shock because their older employees want to work longer than previously planned. In general, older employees have high earnings relative
to their productivity compared with their younger co-workers (Hellerstein et al., 1999; Aubert and Crépon, 2003) . Therefore, an extension of working life can induce a labor cost shock in addition to the adaption costs for employers that keep older workers in employment longer than expected.
In our analysis, we focus on the 1992 pension reform in Germany that increased the normal retirement age (NRA) gradually from 60 to 65 for several early retirement options and introduced deductions in pension entitlements for early retirement for women born after December 1939. Pension eligibility age (early retirement age; ERA) for the pension forms affected remained constant at age 60. Therefore, the reform introduced financial incentives to increase labor supply between the ERA and NRA. To identify effects of the reform on labor market outcomes, we follow Engels et al. (2017) and use the exogenous variation in pension entitlements.
We use large administrative social security data from the Institute for Employment Research (Sample of Integrated Labor Market Biographies; SIAB) that are representative of the German labor market.
These data include daily information on the full working history of individuals. Thus, we can calculate pension entitlements and eligibilities for different early retirement options. The data set also allows the first analysis of partial retirement, an important early retirement option that was introduced with the 1992 pension reform (Brussig et al., 2009) . Most importantly, the SIAB provides detailed employer-specific information that enables us to analyze heterogeneities in the reactions of employees among employer types.
In line with previous studies, we show that pension deductions for early retirement increase the labor market attachment of older employees between ERA and NRA. Deductions postpone exit from the labor market and have a positive effect on employment, unemployment, and partial retirement incidence. In addition, our empirical analysis shows that labor market effects of the reform depend on the type of employer the employee works for before retirement. We show that employers with a high number of older employees compared with the number of newly hired young employees, employers in sectors with a high share of collective bargaining agreements, and employers in sectors with few investments in research and development (R&D) are more responsive to their employees´ demand to stay longer in employment. Responsiveness means that employers allow older women to stay longer with the employer via partial retirement after the ERA. In less responsive firms employees leave employment as early as before the reform, triggering longer unemployment spells after the ERA.
Our study is related to the sizable literature analyzing the labor market effects of pension reforms.
Most of these studies focus on the supply side determinants of the labor market changes induced by the pension reforms. 2 The role of employers on the labor market effects have been largely neglected (Rabaté, 2017) . 3 The literature so far therefore has incorrectly assumed autonomy of older employees on how and when to exit employment and a perfectly elastic labor demand (Peichl and Siegloch, 2012) .
We contribute to the literature taking into account that labor market decisions of older employees are jointly made by employers and employees. The reaction of employers to changes in labor supply is not perfectly elastic and some employers use the options at their disposal to thwart the incentive effects of the pension reform aimed at longer employment of older employees. Our theoretical hypotheses can explain which employer types are more responsive to the preferences of their employees.
The paper is organized as follows. In Section 2, we provide information about the German pension system and the 1992 pension reform. In Section 3, we discuss the role of the employer in the labor market effects of the pension reform and derive testable hypotheses on how employer characteristics may affect the labor market behavior of older employees. In Section 4, we introduce the data and present descriptive evidence. Our identification method is explained in Section 5. The labor market effects of the pension reform are presented in Section 6. Section 7 shows the impact of labor demand on the effects. Section 8 concludes the paper.
Institutional background The German pension system
Statutory public pension insurance is compulsory for all private and public sector employees and some groups of self-employed people. It provides old-age pensions and disability pensions and is the most important income source for the elderly, accounting on average for about two thirds of their gross household income. Depending on the length of the career and other conditions, the pensionable age varied between 60 and 65 for the cohorts for 1937-1944 analyzed in our study.
The focus of our paper is on the most important early retirement path for women: the pension for women (Altersrente für Frauen). This pension allowed women to retire at the age of 60. 4 To be eligible for this pension, 15 years of contributions were required, of which at least 10 years must have been after the age of 40. According to our data and consistent with Engels et al. (2017) , about 60% of all women were eligible for this pension at the age of 55. We only include women eligible for the pension for women in our sample to derive the treatment effect on the treated because the pension reform increased the NRA for this pension.
Women who were eligible for the pension for women had the statutory right to retire whenever they wanted after the ERA; therefore, they could extend their employment after the ERA autonomously and without the consent of their employer. There were two main alternative early retirement options: partial retirement 5 and early retirement after unemployment. The ERA was the same for all three retirement options. Almost all women eligible for the pension for women were also eligible for early retirement after unemployment and partial retirement. 6
From the perspective of the employee, the option to exit employment even before the ERA was the main advantage of becoming unemployed or entering partial retirement before retiring early. The maximum unemployment spell for older employees was 32 months, and thus the earliest employment exit was 57 years and four months for those eligible for the pension for the unemployed. 7 In many cases, employer and employees may have colluded in reaching a mutual dismissal agreement, including a severance payment or voluntary compensation paid by the employer. However, there were several disadvantages of unemployment before early retirement compared with directly entering the pension for women. Unemployment benefits were about 60% of previous net earnings, and pension claims collected during unemployment spells were accordingly lower than during earnings spells.
Collecting unemployment benefits before retirement also attracted social stigma and was considered by many as an undignified exit from work (Hetschko et al., 2014) . Finally, it was uncertain whether and for how long labor offices withdrew unemployment benefits after a mutual agreement (Oswald, 1999) . 8 We can assume that in several cases unemployment was triggered by a dismissal against the will of the older employee. Here, the employee usually sued the employer before a labor court and obtained a severance payment ex-post, but almost never did the employee obtain re-employment (Jahn, 2009 ).
The size of severance pay mainly was determined by the size of the employer (employers with more than five employees were subject to dismissal protection and employees had more rights), applicability of a collective bargaining agreement, the fairness of the dismissal, the tenure of the dismissed, and social criteria protecting the employee from dismissal (Schmähl, 2003; Jahn, 2009 ).
Partial retirement also allowed exit from employment before the ERA. Individuals could choose the block model 9 that was characterized by two periods of equal length: in the first half, the employee worked full-time (active period) and in the second half, the employee was completely released from work (passive period) (Kirchner and Mittelhamm, 2010; Bundesagentur für Arbeit, 2015; Huber et al., 2016) . With a standard partial retirement arrangement spanning 5 years (Kaldybajewa and Kruse, 2007) , employees could exit employment as early as 57.5 years old when entering retirement at their ERA. We do not know which partial retirement mode was chosen because in the block model, the SIAB reports the fictitious end of the labor market spell instead of the de facto labor market exit date when the working hours are reduced to zero in the passive phase. However, on average about 90% of older employees chose the block model (Brussig et al., 2009; Wanger, 2009 ). The main disadvantage of partial retirement before early retirement from the employees´ point of view was that they had to accept earnings reductions. The employer was bound by law to increase the current salary by at least 20% during partial retirement and wage earnings in excess of 50% of prior earnings were exempt from income taxes. Employers also had to pay additional pension contributions of at least 70% of the prepartial retirement earnings. Some collective agreements, for example, in the construction industry, 8 Mutual agreements before dismissals often led to a blocking period for unemployment benefits of between 12 weeks and 6 months and a reduction in the maximum duration of unemployment benefits from 32 to 24 months (Jahn, 2009). 9 The other option was the so-called 'continuity model', in which working hours were reduced (e.g., working half-days) during the entire partial retirement period. just included the legal minimum rules. In some collective agreements, for example, in the chemical industry, more generous rules than the legal requirements were fixed (Wanger, 2009) . As a consequence, average earnings during partial retirement were about three quarters of the previous gross salary (Klammer and Weber, 2001) and pension entitlements accrued at a minimum of 90% of the rate obtained under full-time work (Berg et al., 2015) . The generous financial compensation offered for partial retirement is not accidental. In contrast to a dismissal, the employers could not force employees into partial retirement. If an employer wanted an older employee to enter partial retirement it had to be willing to offer a financially attractive partial retirement package.
Pension benefits before and after the 1992 pension reform
Pension benefits are calculated based on a points system considering the entire earnings history of a person. A pension point is calculated annually by dividing the contributor's earnings by the average earnings of all contributors. There is a contribution assessment limit which is about twice the average (two pension points). In addition, pension entitlements may be acquired during other periods, such as unemployment, childcare, and informal care. There is no minimum pension.
Before the introduction of actuarial deductions in 1992, the pension benefits were calculated as the product of the sum of pension points at retirement and the pension point value in year t by
The pension point value is indexed to earnings growth and adjusted annually. Full pension benefits could be claimed before reaching the statutory retirement age of 65 years without actuarial deductions for early retirement. The reform in 1992 introduced actuarial deductions for early retirement. Starting with cohort 1940, the NRA was raised by 1 month from age 60 to 65, depending on the month and year of birth of the individual. The access factor, D (Zugangsfaktor), which accounts for the deductions and reduces pension benefits by 0.3% per month a person is retired before reaching the NRA, was added to the pension-benefits formula,
The factor D depends on the month of birth, c, and retirement age. The 1992 pension reform also introduced deductions for retirement after the ERA for both bridge options. The NRA was increased from age 60 to 65, starting with cohort 1937. The NRA accordingly already reached the regular retirement age for cohort December 1942. Therefore, pension deductions for the pension after unemployment and after partial retirement were higher than deductions for the pension for women for each given retirement age before the NRA for all women until cohort 1945. We include in our sample only women eligible for the pension for women, and hence the NRA for the pension for women is the relevant age for calculating pension reductions. All the women, regardless of whether their last labor market spell was employment, partial retirement, or unemployment, had an incentive to use the pension for women as their early retirement venue. As a consequence, almost all women in partial retirement or unemployment finally used the pension for women (Deutsche Rentenversicherung Bund, 2018).
Financial incentives of the pension reform
The pension reform introduced deductions for retirement between the ERA and NRA. Therefore, we expect that employees were interested in exiting the labor market later than before the reform. The prolongation of labor market participation should increase with birth cohort in line with the increase in the difference between the NRA and ERA, and thus be greater for young cohorts. There is a clear ranking in employee preference on how to prolong labor market participation after the ERA. The most financially advantageous option is regular employment subject to social benefits. The second-best option is to remain in partial retirement after the ERA. The worst option is to stay longer in unemployment after the ERA if the woman was dismissed before or after the ERA (Kaldybajewa and Kruse, 2007) .
The demand of establishments for older employees was unchanged by the pension reform and employers were forced away from their most efficient labor allocation by prolonging employment of older employees. Retaining older employees longer also resulted in some younger employees who were intended to replace the older workers doing another job within the employer, not being hired, or even being dismissed (Boeri et al., 2016) . Employees eligible for the pension for women had the statutory right to decide when to enter retirement after the ERA. Thus, employers had to bargain actively with their employees if they wanted to avoid a prolongation of employment as a reaction to pension deductions. Employers´ influence on the exit age from employment was clearly higher when they offered partial retirement or threatened dismissal.
Employer autonomy in determining when the employee enters the passive phase of the partial retirement (i.e., exit from employment) was more constrained by legal rules than the time of the dismissal. The duration of partial retirement was fixed in most collective agreements (Wanger, 2009; Berg et al., 2015) ; thus, the employer could only determine the entry date into partial retirement, but generally not the duration of the partial retirement period. When the employer allowed a later exit from partial retirement, this usually also meant a later exit from employment and higher adaptation costs.
From the employer's perspective, a dismissal was generally financially more attractive than partial retirement (Schmähl, 2003) . Besides the severance pay and other possible compensations necessary to obtain the employee´s agreement for a dismissal, the firms faced almost no further costs when they dismissed their older employees. For partial retirement, employers had to form accruals for the passive phase of the block model and pay higher hourly wages for the entire period of partial retirement.
Sample calculations of the distribution of costs for a typical partial retirement and pension after unemployment by Oswald (1999) demonstrate that partial retirement was substantially more expensive for the employer than a dismissal ceteris paribus.
In summary, the 1992 pension reform induced older women to stay longer in the labor market after the ERA. The pension for women gave them a statutory right to stay after ERA and we should observe a later exit from employment after the ERA. Employers had the option to dismiss their older employees or send them into partial retirement. Both bridge options gave the employers a stronger influence on the time the employee left employment. Employers responsive to the interests of their employees offered partial retirement as an alternative to longer employment. These employers allowed a shift of the exit from partial retirement spell with pension deductions to make this option attractive.
Employers not responsive to the interests of their employees dismissed their employees then with or without consent. A dismissal before the ERA always increased the unemployment spell after the ERA with pension deductions.
Labor demand effects on the labor market for older employees: Theoretical background
We explain which groups of employers should be more responsive than others given the exogenous increase in labor supply of older women.
Hypothesis 1: Responsiveness is higher at employers that do not mainly hire young employees.
The substitution between older and prime-age employees is more flexible than between older and young employees (Boeri et al., 2016) . Therefore, we assume that it is harder for employers that mainly hire young employees instead of older employees to prolong employment of older employees. In addition, a high share of young employees in all hires may indicate the presence of an internal labor market characterized by entry points reserved for young inexperienced employees who are offered promotion ladders within the hierarchies of their employers (Gibbons and Waldman, 2006) . When older employees stay longer than expected, this might reduce the motivation of young employees who are waiting for senior positions to become vacant (Backes-Gellner and Veen, 2013). Consequently, employers that offer internal labor markets may not be willing to allow prolonged employment and partial employment after the ERA, and may instead prefer to dismiss their older employees because retaining older employees reduces the promotion and employment chances of their young job entrants. Thus, responsiveness should be lower for employers with a high share of older employees in all newly hired young employees.
Hypothesis 2: Responsiveness is higher at employers not subject to dismissal protection.
Dismissal protection legislation increases costs to dismiss older employees (Jahn, 2009 ). Therefore, we expect firms subject to dismissal protection to offer partial retirement instead of dismissing employees. They also have a higher incentive to shift entry into unemployment because they have to compensate their dismissed employees for longer unemployment spells or pension deductions after the reform.
Hypothesis 3: Responsiveness is higher at employers without collective bargaining agreements.
Many collective bargaining agreements include additional rules for employment protection of older employees. These rules make dismissing older employees more expensive or even impossible for employers subject to these agreements. In addition, unions favor partial retirement as an alternative to unemployment as a bridge option into retirement (Berg et al., 2015) . Unions and works councils also support older employees in their bargaining efforts with their employers to prolong employment or enter partial retirement after the ERA and help employers to organize the frictionless implementation of the complicated partial retirement legislation (Wanger, 2009 ). Therefore, we assume that employers subject to collective bargaining offer their older women partial retirement, increase employment in partial retirement after the ERA, and help their employees to avoid unemployment periods after the ERA.
Hypothesis 4: Responsiveness is higher for firms with low R&D expenses.
Employers whose competitiveness depends on innovations might have a strong interest in replacing their older employees with younger employees. There is evidence that the workforce age structure is negatively related to firm-level innovativeness in Germany (Schneider, 2008) . This observation has been explained by older employees working with outdated technological knowledge and having less cognitive flexibility and openness to absorbing new topics, as well as a general decline in creativity with age (Schmähl, 2003; Simonton, 2007) . Ilmakunnas and Maliranta (2007) showed that in innovative sectors, such as the information and communication industry, the dismissal of employees who are older than 49 years increases innovation success. Schubert and Andersson (2015) found that firms with older employees can at least partially compensate for the decrease in the number of innovations by increased substitution of older employees with younger employees. Employers with higher R&D expenses may also prioritize creative tasks. Age-diverse workforces are positively related to creative task productivity because they have a larger pool of knowledge and a more extensive problem solving tool box (Backes-Gellner and Veen, 2013). Thus, employers with high R&D expenses may try to increase age diversity by substituting older employees with newly hired younger employees. We therefore assume that employers with high R&D expenses are less willing to offer partial retirement and longer employment for their older women and instead dismiss them when facing an increased labor supply of older women.
Hypothesis 5: Differences among employer groups are larger for partial retirement and unemployment spells than for regular employment.
Employers can decide whether and when to offer an older employee partial retirement or whether to dismiss an older employee. Older women have the statutory right to determine their exit from the labor market autonomously when they do not use these bridge options and stay in regular employment until the ERA. Therefore, we assume that differences among employer groups are larger for unemployment and partial retirement spell lengths than for employment spell length after the ERA.
Data
Our study is based on a large, high-quality administrative data set provided by the Federal Employment Agency in Germany (Bundesagentur für Arbeit). The data consist of a 2% sample of the population of the Integrated Employment Biographies from 1975 to 2014 10 and contain daily information about employment and receipt of benefits according to the German Social Books II and III. We add the daily date of birth to the data set because the exact calculation of pension entitlements requires the birth date. 11 Moreover, we link a rich set of establishment information from the IAB Establishment History Panel (BHP) to the individual employment history. Finally, we match the monthly regional 10 Onsite data access and subsequently remote data access was provided by the Research Data Centre (FDZ) of the German Federal Employment Agency (BA) at the Institute for Employment Research (IAB). A detailed description of the SIAB can be found in Antoni et al. (2016) . 11 We are grateful to Philip vom Berge and Dana Müller from the FDZ at the IAB for merging this information as part of the Custom Shaped Administrative Data for the Analysis of Labor Market (CADAL) project. unemployment rates from the Federal Employment Agency to the place of work and calculate the average annual regional unemployment rates between 1991 and 2014 for each region.
In contrast to previous studies based on pension insurance data (Engels et al., 2017) , we can identify separately the effect of the pension reform on employment and partial retirement. 12 When we calculate the exit from employment for those in partial retirement, we add half of the partial retirement period because virtually all older women eligible for the pension for women chose the block model version of partial retirement . To calculate the spell length of partial retirement, we use the full spell length because the end of the passive phase determines the labor market exit, and thus the pension deductions.
Our data set does not include relevant characteristics of the pension insurance, such as pension entitlements or eligibility. Thus, we calculate individual pension entitlements and identify eligibility criteria for old-age pensions and the corresponding statutory retirement dates (NRA and ERA) according to Pfister et al. (2018) and Lorenz et al. (2018) . 13
Estimation sample
We consider the individual monthly employment biographies of women born between 1937 and 1944 who were between 55 and 65 years old. Similar to Engels et al. (2017) , in our sample, we include only women who fulfill the requirements for the old age pension for women at the age of 55. Our estimates can be interpreted as the average treatment effect on the treated of the pension reform because all women were affected by the reform. In addition, we restrict our sample to West German 14 women with a high labor market attachment. All women in our sample must have been in the labor market at the age of 59 (i.e., employed or registered unemployed), have been observable at least once before age 42, 15 have had employer characteristics in their last employment spell, and have had gaps of no longer than 5 years in their labor market histories. 16 These restrictions ensure that the women could decide freely whether to stay in the labor market at age 60 or postpone retirement because they had realistic chances of keeping their job, switching to another job, or staying in unemployment until they reached the NRA for the pension for women.
Our reduction of the sample to women who were eligible for the pension for women and those who were active in the labor market at age 59 has the advantage that we exclude all women who had relevant alternatives to the early retirement options we examine. The main channel to avoid pension deductions in Germany when retiring before age 60 was the pension for those with reduced earnings capacity. This pension allowed employees to immediately retire when they were not able to work anymore in their occupation (Berufsunfähigkeit/Erwerbsunfähigkeit). Average retirement age for those with reduced earnings capacity was around 53 for women born in the cohorts we focus on (Deutsche Rentenversicherung Bund, 2018) . In other words, almost all women who used the pension with reduced earnings capacity left the labor market before age 59 . Thus, these women are not included in our sample. In addition, reduced earnings capacity had to be assessed in a medical exam, so it was hard to obtain without a cause. The only other channels for early retirement were the pension for the severely disabled and special pension schemes (miners and seamen). The options of obtaining disability status or becoming miners or seamen to avoid pension deductions can be excluded. Consequently, we assume that there is no substitution into other (unobservable) early retirement schemes as a reaction to the pension reform for women in our sample. After introducing the sample restrictions, we are left with 12,548 women and 765,428 person-month observations.
Descriptive evidence
Our descriptive analysis focuses on employment, unemployment, and partial retirement between ages 55 and 65 to capture the patterns of employees´ labor market behavior in response to the pension reform. We show how these labor market outcomes vary by age and cohort. Figure 1 shows agespecific employment subject to social security contribution rates without partial retirement for the different cohorts. 17 Before age 60, the employment of the pre-reform cohorts 1937-1939 was higher than the employment of the cohorts 1940-1944 affected by the reform. The employment reduction before the ERA can be completely explained by a substitution of regular employment into the active phase of partial retirement ( Fig. C2 in Appendix C). The fact that employment (regular plus active phase in partial retirement) before 60 is practically identical for all cohorts supports our hypothesis that there were no reform anticipation effects before the ERA (see also Riphahn and Schrader, 2019) . However, we find a sharper drop in the employment rate for the pre-reform cohorts at age 60. About 60% of all women eligible for the pension for women left employment at the ERA in the cohorts not affected by 17 We only consider employment that is subject to social security contributions and partial retirement because marginal employment has only been recorded since April 1999 in the data (Antoni et al., 2016) . the pension reform. From age 60 to 65, the gradual introduction of pension deductions for those who retired earlier than the NRA for the pension for women gradually increased employment after the ERA according to our theoretical considerations. However, the employment increase with cohort decelerated, suggesting that the pension deductions had a decreasing effect on employment rather than a linear effect. In addition, according to our hypotheses, the reform seems to have had almost no positive effect on employment beyond the NRA for the pension for women. For the cohorts 1940-1942, employment rates after the NRA are similar to those of the cohorts not affected by the reform.
For example, comparing employment after age 62 for cohort 1941 with cohorts 1937-1939, we get a similar employment pattern if we include the active phase of partial retirement, suggesting that the active phase of partial employment was extended gradually to periods after the ERA ( Fig. C2 in Appendix C). The positive employment effect induced by the pension reform therefore is only found for the time period between ERA and NRA. The cohort-specific patterns of partial retirement rates, including the passive phase, are shown in Figure 2 . The Partial Retirement Act provided the option of partial retirement as a bridge to retirement from 1996 onwards. 18 During the first years after the introduction of partial retirement, employers could only offer the bridge option if they were subject to collective agreements that included partial 18 Before the reform, only the chemical industry had a specific partial retirement option in their collective bargaining agreements. Therefore, there are few cases of partial retirement reported for the cohorts 1937-1939. After 1998, the number of employees working in firms covered by partial retirement collective agreements dramatically increased (Berg et al., 2015) . retirement (Berg et al., 2015) . Accordingly, partial retirement incidence increased with cohort because the number of employers entitled to offer partial retirement was small initially. Figure 2 shows a gradual increase in partial retirement incidence from cohort 1940 onwards before and after the age of 60. Our calculations indicate that the pension reform led to the prolongation of partial retirement spells after ERA. After exiting partial retirement, most older women applied for the pension for women.
As a consequence, partial retirement ending after the NRA for the pension for women was not attractive. Thus, we do not observe partial retirement after, for example, age 61 for cohort 1941 or age 62 for cohort 1942. In Figure 3 , the unemployment rates are displayed by cohort. The unemployment rates for the control cohorts (1937) (1938) (1939) increased greatly before the age of 60 in line with the general increase in unemployment in West Germany from 1991 to 1997 of 7% to 13% (Bundesagentur für Arbeit, 2019).
Many employers used dismissals of their older employees to meet their reorganization requirements externally during the recession (Schmähl, 2003) . After 1998, the business cycle picked up and the pressure to reduce employment eased. There are few unemployment spells after age 60 in the control cohorts because all unemployed older women in our sample had the right to enter the pension for women by age 60 without deductions. According to our hypothesis, we observe a prolongation of unemployment spells between the ERA and the NRA. Unemployment is not attractive after NRA for those eligible for the pension for women. As a consequence, there is little unemployment after, for example, age 61 for cohort 1941 and age 62 for cohort 1942. In Figure C1 in Appendix C, we report the labor market exit age by cohort. Permanent exit from the labor market is the fourth possible labor market state in addition to partial retirement, employment, and unemployment. Therefore, the shares in these four states add up to one. Analogously to the changes in employment and unemployment by cohort observed above, labor market exit prolongation is only observable between ERA and cohort-specific NRA for the pension for women. We do not know whether women directly entered retirement after leaving the labor market, and thus we cannot calculate the increase in retirement age from our data.
Estimation method
We analyze how employers responded to an exogenous labor supply shock of older women induced by a pension reform. To identify and quantify this effect for different groups of employers, we use the introduction of deductions for early retirement by the 1992 pension reform. Based on our theoretical hypotheses, we test whether the labor market effects induced by the pension reform differ among employer groups.
Direct effects of deductions on employment outcomes
To assess the direct effect of deductions on pension entitlements on age-specific labor market outcomes for different types of employers, we propose the estimation equations 
where groups of employers are defined according to our hypotheses. denotes employment, partial employment, or unemployment of individual i at employer group 1 or 2 at age t. The main variable of interest, , measures the deductions on pension entitlements for those who enter early retirement with the pension for women. If γ1 significantly differs from γ2, the employer type influences the labor To account for age-and cohort-specific effects on the individual retirement decisions that are not directly related to the deductions, we include monthly age fixed effects ( ) and monthly cohort fixed effects ( ). As discussed in detail in Engels et al. (2017) , the age and cohort-specific effect can be identified separately from the pension deductions because the 1992 pension reform affects cohorts at different ages. To identify the effect of deductions, we only need to assume that the age-specific effects on employment do not change among the cohorts after controlling for labor supply and labor 19 Because we measure the SSW at age 55, this variable is not affected by the pension reform and does not systematically vary among the different cohorts. For more details, see Appendix A. 20 To measure the job exposure in occupations, we use the job exposure matrices (JEM) from Kroll (2011) and match the JEM via the classification of occupations 2010 (Klassifikation der Berufe KLdB-2010) to our data. 21 Detailed descriptive statistics about the individual characteristics are given in Appendix B. 22 Detailed descriptive statistics about the employer characteristics are given in Appendix B.
demand factors for labor market behavior of older employees. This assumption is weaker than assuming that there are no general labor market differences among the cohorts because the cohortspecific effects would control for these differences. 23 To obtain a single measure for the labor market consequences of the pension reform in months, we add the labor market effects of all employees affected based on cohort-specific age profiles (Engels et al., 2017) . We report the sum of coefficients as our basic specification and show the average change in months in the outcome variables induced by increasing the NRA by 1 year (or pension deductions of 3.6%).
In general, it is difficult to separate labor supply and labor demand effects on labor market outcomes because employers and employees make joint decisions (Rabaté, 2017 
Average effects of the pension reform Direct effects of the pension reform on labor market outcomes
The effects of the pension deductions on the labor market outcomes are displayed in Table 1 . The main variables of interest are the cohort-specific pension deduction variables when leaving the labor market between the ERA and NRA of the pension for women. In column I, a linear effect of the deductions on labor market outcomes is imposed, whereas in column II, this assumption is relaxed by using indicator variables for different values of the deduction variable. In column III, we add employer characteristics and the regional unemployment rates plus establishment fixed effects. 23 Engels et al. (2017) present descriptive evidence that the labor market behavior of the adjacent cohorts is similar, absent the changes induced by the pension reform. 24 In our sample, most employees were already employed at the last employer of their career before the pension reform was discussed and introduced in 1997. During the discussion of the pension reform since 1992, there have been several surprising changes in the design and group of affected employees. Therefore, we can assume that there were hardly any anticipation effects for this reform (Riphahn and Schrader, 2019) . In a robustness check, we restrict our sample to those employees who were already employed in 1991 at the last employer of their career. All results remain robust.
For the simplest estimation specification, we find that a small pension deduction has sizeable effects on employment. On average, an increase in deductions by 0.3 to 3.6 percentage points (PP) increases employment between age 60 and 65, including the active phase of partial retirement, by 1.3 PP (column I). The employment effect almost doubles for the group with maximal deductions. We find a somewhat stronger positive effect of the pension reform on employment than Engels et al. (2017) ( Table 1) . This difference is consistent with our positive sample selection of women who are either employed or registered unemployed at age 59. Therefore, the chances of working beyond age 60 are higher in our sample than for all women eligible for the pension for women. Controlling for all individual and firm-specific characteristics, we find that women facing deductions in their pension entitlements up to 3.6% and up to 18% have 15.8 and 27.0 PP higher employment, respectively, than women without deductions after the ERA (column III). Unemployment incidence increases slightly with the deductions up to deductions between 11.1% and 14.4%, and then decreases slightly again. The effect of the pension reform on unemployment is smaller in our sample than in Engels et al. (2017), but has the same concave shape with respect to deductions. The difference between partial retirement and unemployment is mainly driven by the stronger effects of higher pension deductions on partial retirement. In the group with maximum deductions, partial retirement is 14.7 PP higher.
The individual drivers of labor market decisions of older employees all have the expected signs Engels et al., 2017) . 25 Employment and unemployment after the ERA is smaller for employees with high pension entitlements. The negative sign indicates that leisure is a normal good and that older women with higher non-labor income substitute employment with retirement. All labor demand estimates are highly significant and do not change substantially after controlling for regional unemployment and employer characteristics. Including the establishment fixed effects increases the estimated effects of the pension reform on employment and partial retirement.
Overall, the 1992 pension reform led to a strong employment increase of around 1.8 months per year after the ERA (Table 1) . Unemployment after age 60 increased by more than half a month per year, and partial retirement increased by 0.8 months. Therefore, the reform effects were sizeable and dominated by a prolongation of employment, consistent with the financial incentives set by the pension deductions. Unemployment  I  II  III  I  II  III  I  II  No 
Partial retirement

The role of labor demand
In this section, we examine how employer characteristics influence the reaction of employees to financial incentives of the pension reform. 26 In Table 2 , we report the reform effects on labor market outcomes separately for employees in establishments with high or low average shares of older worker inflow compared with the share of young worker inflow. More specifically, we calculate the average share of newly hired employees older than 55 with respect to new hires younger than 30 over the period in which we observe the last employer before retirement up to the year 1999. Employers with an average share of older worker inflow to young worker inflow above the 75 th percentile are defined as "high" and employers with an average share below the 25 th percentile are defined as "low".
According to hypothesis 1, employers with a large share of older worker inflow compared with young worker inflow are more responsive to the labor supply shock; the employment and partial retirement increases after the ERA are larger and the unemployment increases are smaller. The differences among employer groups are strong and significant for larger deductions with respect to unemployment and partial retirement. Women who receive deductions between 7.5% and 10.8% increase their unemployment by 7.5 PP if they work in firms with a low share and by 4.7 PP if they work in firms with a high share of newly hired older employees. We also find these significant differences for deductions between 11.1% and 14.4%. Partial retirement increases are stronger for high share firms in almost all deduction groups.
We also compare the labor market effects of the pension reform for firms with fewer than five employees compared with firms with five to 20 employees. Employers with fewer than five employees are exempted from the dismissal protection rules that specifically protect employment of older employees. According to hypothesis 2, older women working in establishments subject to dismissal protection can stay longer in employment and in partial retirement, and they do not have to increase their unemployment spells as much (Table 3) . 27 The largest differences are again found for the changes in partial retirement incidence. However, not all differences are significant, and thus dismissal protection does not appear to play as important a role in employer behavior as hypothesized.
We cannot observe directly whether an employer is subject to a collective bargaining agreement or not. Therefore, we split the employers into two groups: employers in the three sectors with the highest 26 We also include establishment fixed effects to test the robustness of our results. The results of the establishment fixed effect estimations are in line with the results presented in Tables 2 to 5. For the unemployment rate, we cannot estimate establishment fixed effects because the unemployed do not have an establishment identifier. 27 If we divide the employer sample in the 75 th percentile and the 25 th percentile of establishment size or extend the group with dismissal protection to all employers larger than five employees, we obtain significant differences for unemployment and partial retirement spells. However, it seems highly probable that for the large employers group, unobservable factors in addition to dismissal protection play a role in the pension reform effects.
collective bargaining coverage and those in sectors with the lowest collective bargaining coverage. 28 We find that in line with hypothesis 2, firms in sectors with high collective bargaining coverage allow women to stay longer in employment, do not force them to increase their unemployment by dismissing them before the ERA, and offer them a later exit from partial retirement (Table 4 ).
We also sort economic sectors by their R&D intensity. We categorize all employers in the three sectors with the highest R&D expenses into the "high R&D expenses" group and all employers in the three sectors with the lowest R&D expenses into the "low R&D expenses" group. 29 We find that according to hypothesis 4, employers in sectors with high R&D expenses are less responsive to the demands of older women to stay in employment longer. In this group of employers, the rate of older women staying in partial retirement is significantly smaller in all deductions groups and they are significantly stronger in unemployment. There is no difference in employment incidence between both employer groups. Hence, firms in sectors with high R&D expenses seem to have a stronger incentive to rejuvenate their workforce by dismissing their older women or offering partial retirement spells that end before the NRA than firms in sectors that are less dependent on R&D efforts (Table 5 ).
According to hypothesis 5, significant differences among employer groups are observed mainly for partial retirement and unemployment spells. The employment spells after ERA primarily come from employees who take the pension for women directly after employment as their early retirement option because older women using one of the two bridge options have usually exited employment before the ERA. However, entering the pension for women directly from regular employment cannot be influenced by employees, and thus there are hardly any differences in employment after the ERA for women without bridge option among employer types (compare Appendix E). 28 The three sectors with the highest collective bargaining coverage in the year 2014 are energy provision; public services, defence, and social security; and education. The three sectors with the lowest collective bargaining coverage are agriculture and forestry; trade, maintenance, and repair of motor vehicles; and other professional, scientific and technical services (own calculation, based on German Statistical Office, series earnings structure (Verdienststrukturerhebung)). Figures on collective bargaining coverage are not available for the years analysed in this study. We assume that the rank order of collective bargaining strength is stable over the years. 29 The three sectors with the highest share of R&D are manufacturing of goods; transport, storage, and communication; and real estate, renting, and business activities. The three sectors with the lowest share of R&D are hotels and restaurants; public administration, services, and private households; and mining and quarrying (own calculations based on Eurostat Data Base, series business expenditure on R&D by NACE Rev. 2 the European classification of economic activities). Tab. 2. Inflow of older employees. Notes: High is defined as last employer in career with above the 75 th percentile of inflow share of employees older than 55 compared with employees younger than 30, low means that last employer has less than the 25 th percentile of inflow share of older employees. We control for SSW with a planning age of 55, and changes in the legislation for disability pensions and in the entitlement rules for unemployment insurance. Moreover, we consider the job exposure and education, regional unemployment rates, and firm characteristics in our estimation. Standard errors in parentheses are clustered on the individual level. The coefficients marked in bold mean that the firm types are at least significantly different at the 5% level. The pre-reform mean is calculated for the cohorts 1937 to 1939. Source: SIAB7514, own calculations. Tab. 3. Employers subject or not subject to dismissal protection. Notes: Dismissal protection if the last employer has more than five employees; no dismissal protection if the employer has five or fewer employees. We control for SSW with a planning age of 55, and changes in the legislation for disability pensions and in the entitlement rules for unemployment insurance. Moreover, we consider the job exposure and education, regional unemployment rates, and employer characteristics in our estimation. Standard errors in parentheses are clustered on the individual level. The coefficients marked in bold mean that the firm types are at least significantly different at the 5% level. The pre-reform mean is calculated for the cohorts 1937 to 1939. Source: SIAB7514, own calculations. Tab. 4. Collective bargaining agreements. Notes: "High" has a value of 1 for employers in the three economic sectors with the highest coverage of collective bargaining agreements in 2014; "low" has a value of 1 for employers in the three economic sectors with the lowest collective agreement coverage in 2014. We control for SSW with a planning age of 55, and changes in the legislation for disability pensions and in the entitlement rules for unemployment insurance. Moreover, we consider the job exposure and education, regional unemployment rates, and firm characteristics in our estimation. Standard errors in parentheses are clustered on the individual level. The coefficients marked in bold mean that the firm types are at least significantly different at the 5% level. Tab. 5. R&D expenses. Notes: "High" is defined as last employer is in the three economic sectors of the economy with the highest R&D expenses in 2003; "low" is defined as last employer is in the three sectors with the lowest R&D expenses in 2003. We control for SSW with a planning age of 55, and changes in the legislation for disability pensions and in the entitlement rules for unemployment insurance. Moreover, we consider the job exposure and education, regional unemployment rates, and firm characteristics in our estimation. Standard errors in parentheses are clustered on the individual level. The coefficients marked in bold mean that the firm types are at least significantly different at the 5% level. The pre-reform mean is calculated for the cohorts 1937 to 1939. Source: SIAB7514, own calculations.
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Conclusions
Labor We concentrate on the role of labor demand for the labor market effects of the 1992 pension reform in Germany, controlling for drivers of individual labor supply reactions, such as differences in financial incentives by birth cohort, SSW, and education, as well as age and cohort fixed effects. We also include labor demand reactions, controlling for many labor demand characteristics, such as workforce characteristics and regional unemployment, as well as establishment fixed effects. The 1992 pension reform introduced yearly deductions of 3.6% on pension entitlements for women in the case of retirement before the NRA and a stepwise increase in the NRA from 60 to 65 years, keeping the ERA constant at age 60. We show that the reform had the expected effects on the labor market behavior of affected older women; they strongly increased employment and, to a lesser extent, unemployment and partial retirement between the ERA and NRA to avoid pension deductions. Our results on the employment and unemployment effects for our sample for women who were all eligible for early retirement and close to the labor market before retirement are comparable to previous results (Engels et al., 2017) . For the first time, we calculate the effects of the pension reform on partial retirement after the ERA, an additional early retirement bridge introduced with the pension reform.
Based on labor demand theory, we derive hypotheses on which groups of employers should be more responsive to the interests of employees to stay longer in employment or partial retirement after ERA.
Less responsive employers block longer employment, dismiss older employees before ERA, and thereby induce longer unemployment spells after ERA. According to these hypotheses, we show that employers with a high share of older employees compared with the share of young employees hired, employers in sectors with a high share of collective bargaining agreements, employers in sectors with few investments in R&D are more responsive. Dismissal protection does not appear to play an important role in employer behavior. We also show that the labor demand impact is stronger for partial retirement and unemployment than for regular employment. Older women eligible for the pension for women have the statutory right to determine the date of their early retirement exit from employment, and thus they can unilaterally prolong their employment spell after the ERA. The difference among employer groups is substantial. For example, if the NRA increases by 1 year, employees in sectors with high collective bargaining coverage stay more than one month longer in partial retirement after the ERA than employees in sectors with low collective bargaining coverage. The analogous difference is 0.2 months in unemployment incidence after the ERA in firms with a high share of new hires older than 55 compared with hires younger than 30. Women working in sectors with high R&D expenditure show longer unemployment spells after the ERA and shorter part-time work spells after the ERA than women working in sectors with low R&D expenditure.
Our paper therefore shows that old employees are not autonomous in deciding when and how to leave the labor market and employers do not perfectly elastically react to labor supply shocks. In order to understand the treatment effects of pension reforms on labor market outcomes of older employees, we must consider the labor demand reactions of their employers. Employers with higher adaption costs use their options not to prolong the employment spell of their employees after the ERA, even if this induces longer unemployment and other financial disadvantages for their employees. Therefore, it makes a difference for a given employee affected by a pension reform whether she works for an employer that is subject to collective bargaining, invests heavily in R&D, or is interested in rejuvenating the workforce when hiring new staff.
We used a large administrative labor market history data set covering a representative sample of all employees in Germany. The data set allows us to control for the relevant individual financial retirement incentives. However, the establishment information in the data set is limited. Therefore, it would be interesting to analyze the labor supply influence of the presence of a works council or collective bargaining coverage directly instead of using the sector proxy. In addition, the influence of the pension reform on other labor market outcomes, such as the earnings of older employees, substitution of younger by older employees, or employment after retirement, are interesting topics for future research. Finally, it would be desirable to extend the analysis and to model general equilibrium effects of the policy reform.
Appendix A: Calculation of social security wealth
An important driver of employment decisions in old age identified in structural models, explaining, for example, the retirement decision, are individual financial incentives. In their seminal article, Stock and Wise (1990) proposed an empirical method to identify individual financial incentives to retire at a certain age. Their model combines features of the social security system and individual attributes that may simultaneously affect retirement decisions. They identify the financial gains or losses from continuing work before retirement as an incentive measure. Their model focuses on the expected net present discounted value of future social security benefits, social security wealth (SSW).
According to Stock and Wise (1990) and Hanappi (2012) we define SSW as
where net present discounted value of retirement benefits, planning age, labor market exit age, gross labor income at age t,
( ) net pension income at age t for retirement at age E, contribution rate to pension system at age t, probability of surviving until at least age t given survival until age P, discount factor (3%).
We calculate the SSW for each individual and for each age on a monthly basis. We set the planning age, P, at 55 years and 1 month. Individuals theoretically consider whether it is most profitable for them to leave the labor market at 55 years and 2 months, 55 years and 3 months, etc. until 65 years and 1 month (E). The maximum age, t, is set to 100 years. We receive the gross labor income from the observed income information if the person has an income. The net pension income is calculated by multiplying the sum of the earning points by the individual age factor and the annual pension value . The information on pension value, contribution rate per year, and survival probabilities is imported from the German pension insurance and the standard life tables of the German Bureau of the Census (Statistisches Bundesamt). For the standard life tables, we distinguish according to gender, cohort, and age. We choose the usual annual discount rate of 3% (0.25% per month) (Hanappi, 2012; Börsch-Supan et al., 2004; Hanel, 2010) .
SSW is typically used as a substitute for total wealth in the analysis of pension decisions. Thus, the SSW level shows the expected future earnings, which integrate the individually applicable institutional features of the social security system.
In our framework, leaving the labor market at any later date E instead of any earlier date E -1 has three effects: (1) social security contributions must be paid for one more period between E -1 and E; (2) the period of total benefit receipt is shortened and changed; and (3) the expected present value of future benefits is increased due to the additional social security payment (i.e., higher pension entitlements) over the entire remaining lifetime, according to the pension formula. Effects (1) and (2) reduce wealth, and hence increase the incentive to leave the labor market immediately. Effect (3) increases the incentive to stay 1 year longer in employment. Consequently, labor market exit at date E instead of E -1 is preferred only if the increase in the annual pension due to postponement of leaving the labor market is high enough to offset the shorter time of the pension receipt, and to compensate for the additional deposit.
According to Stock and Wise (1990) , we assume that leisure is seen as a normal good and that people want more of it when they can afford it. That is, we expect people with a higher SSW to have a higher probability of exiting the labor market than people of the same age with a lower SSW.
Instead of looking at the change in SSW over age, such as the SSW accrual rate, and thus at the increase or decrease in the probability of an individual leaving the labor market, we aggregate the SSW to age 59. There are two reasons for this. The first reason lies in the inclusion of the deductions in the formula of the SSW. The individual net pension incomes are determined by the age factor, which represents the individual deductions. These are calculated from the difference between labor market exit E and the individual NRA. Second, we want to use the SSW as a substitute for individual wealth at a given time. Because the earliest possible age for receiving a pension in our sample is 60 years, we choose the SSW at the age of 59. The wealth effect on retirement is documented in Berkel and Börsch-Supan 
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No deductions
Reference Reference Reference 0.3-3.6 0.127 0.046** 0.042** (0.004) (0.003) (0.002) 3.9-7.2 0.152** 0.073** 0.055** (0.005) (0.003) (0.003) 7.5-10.8 0.192** 0.100** 0.058** (0.006) (0.004) (0.004) 11.1-14.4 0.225** 0.118** 0.064** (0.008) (0.006) (0.005) 14.7-18.0 0.251** 0.131** 0.058** (0.012) (0.009) (0.007) SSW -0.05** 0.01** -0.007** (0.005) (0.003) (0.002) Overall Job Index 0.011 0.006 -0.001 (0.008) (0.004) (0.003) Overall Physical Exposure Index -0.010 -0.006 0.001 (0.007) (0.003) (0.003) Overall Psycho-social Exposure Index 0.004 -0.003 -0.0006 (0.003) (0.002) (0.001) Carcinogenic Agent Index -0.001 0.0007 -0.0001 (0.003) (0.001) (0.0010) Heavy Work Index -0.009** 0.002 0.0009 (0.002) (0.001) (0.0009) Total number of employees -4.05e-06** -4.65e-08** -1.07e-06** (8.12e-07) (4.71e-07) (2.19e-07) Imputed gross daily earnings of full-time employees 0.001** 0.0006**** -0.0003*** (0.0001) (0.00007) (0.00005) Employee age 0.008** 0.002** -0.0009 (0.001) (0.0005) (0.0005) Age full-time employees 0.004** (0 Tab. D1. Direct effects on labor market outcomes. Notes: Employment includes the active phase of partial retirement. SSW is calculated with the planning age of 55 at the age of 59. SSW is multiplied by 1,000,000. We control for monthly age and cohort fixed effects, education, and changes in the legislation for disability pensions and in the entitlement rules for unemployment insurance and the economic sector. Standard errors in parentheses are clustered on the individual level. Significance levels: * p < 0.05, ** p < 0.01. The pre-reform mean is calculated for the pre-reform cohorts 1937 to 1939. Tab. E1. Employment effects for women without bridge paths by employer groups. Notes: Employer groups are defined as in Tables 2 to 5. We control for SSW with planning age of 55, and changes in the legislation for disability pensions and in the entitlement rules for unemployment insurance. Moreover, we consider the job exposure and education, regional unemployment rates, and firm characteristics in our estimation. Standard errors in parentheses are clustered on the individual level. The coefficients marked in bold mean that the firm types are at least significantly different at the 5% level. The pre-reform mean is calculated for the cohorts 1937 to 1939. Source: SIAB7514, own calculations.
